The question of the existence of deeply bound positive parity non-strange di-baryon resonances is addressed in the context of ·a QCD-like potential model. Hyperfine effects are found to produce strong binding in certain non-NN channels, notably the I=O S=3 channel which is predicted to lie well below N611" threshold.
Introduction
The presence of a confined, SU(3) valued color degree of freedom in ordinary hadrons makes possible the existence of exotic multiquark bound states as part of the physical hadronic spectrum. Among these states are the six-quark or di-baryon states, which, owing to the absence of annihilation effects and the existence of successful models of baryon structure based on QCD, are expected to be especially amenable to phenomenological study. Recently such states have been color singlet sub-units--are understood and reasonably well under 30 
31) control '
, the restriction to a permutationally symmetric, (6), spatial configuration is less satisfactory since it is known that the color hyperfine interaction tends to favor configurations of lower spatial symmetries 32 ). QCD-like potential models, the commonly used alternative to the bag in low energy phenomenology, have been applied 33 -3-models provide a useful framework for bridging the gap between channels in which two baryons are bound by short range forces and those in which they are not.
In this paper we apply a QCD-like potential model to the study of possible deeply bound positive parity di-baryon states. Before proceding, a few comments are in order regarding motivation and limitations.
Our aim here is to attempt to identify only those channels in which ~ bound states might exist. The reasons for this are two-fold.
First, such states should be more accessible to experiment than corresponding states above hadronic thresholds, for which fall-apart decay modes exist, and second, the nature of the physics of the s-wave NN channels suggests that such states might actually exist and be unambig-* uous predictions of the model . As we shall see, such states are indeed predicted, in particular an interesting state in the I=O, S=3 channel which lies below NAI threshold. It is important, however, to temper * Recall that the NN channels are dominated by the repulsive nature of the NN exchange hyperfine interaction. This repulsion inhibits mixing with orthogonal hidden color configurations which, owing to confinement, must be localized at short distances. Since the hyperfine interaction is sensitive to the spin-color-isospin couplings of a state, one expects that there may exist channels in which the induced exchange interaction is strongly attractive and in which, therefore, significant mixing may also occur. In terms of theoretical underpinnings the hyperfine potential is the most firmly established of the quark-quark interactions so that effects arising from it are expected to be accurately predicted in the model. in the two NN channels--a rather unpalatable prospect. As it turns out, however, the majority of the channels have clearly repulsive short range diagonal potentials so that this is not a problem.
The model used in these calculations is one that has been applied previously, with considerable success, to both baryon spectre-* In channels involving one or more A's there is an additional uncertainty due to ambiguities regarding the correct mass parameter to associate with the inter-cluster motion. In potential models the naturally occurring mass is 3m ~ M., and not, for example mA as would be appropriate for weaklyqboun3 ~·s. Although the potential model value may be reasonable for tightly bound AA systems, at least in the spirit of viewing the constituent quark model as an effective theory below a chiral symmetry breaking scale, T~, little of a quantitative nature can be said in this regard so that, at least in potential models, predictions regarding weakly bound di-baryon states in non-NN channels, are likely intrinsically unreliable.
•
and decays , as well as to the NN problem • For a more detailed discussion of the model, especially with regard to its use in the six quark sector, the reader is referred to Ref.
23. We record here only the model Hamiltonian.
. . con yp 
The anharmonicity, U, in (2) is meant to include, as well as departures from the harmonic limit, spin independent contributions due to one gluon exchange, notably the attractive short range color Coulomb inter-
The parameters appearing in (2), (3) are determined from baryon spectroscopy and given in Ref. 23 .
Consider a given channel in Table 1 and let I I'), I J), ... 
NI
Using permutational symmetries one can readily show that *rn practice U is taken to be a &.function in order to simplify calculations. Since cluster sizes are fixed and the interaction is smeared over clusters, the sensitivity to this choice is greatly reduced. In order to evaluate the matrix elements in (8) 
(10) From (8) we see that, given the form of the states 11(123;456)>, it is convenient to evaluate the spin, color and isospin matrix elements entering the calculation in a basis characterized by specific s; The values of VI for NN, N4, and46 in the various spin-isospin channels are given in Table 2 . In terms of the ~I the exchange confinement term in (8) can then be shown to reduce to • __ (   -12- constant energy to all states in the problem and so has not been included in (14) . Similarly, the exchange hyperfine contribution in (8) can be written
with the values of the ci as given in Table 2 . The kinetic energy, in terms of kD, k 0 is
where the direct term kD contains the i_nternal kinetic energy of the three quark clusters as well as _that associated with the intercluster motion. One can now minimize the energy of the state I IA~ with respect to the variational parameters. In the event that no binding is found, the system is put in a weak harmonic box in order to ascertain whether or not the lack of binding results from an effective short range repulsive interaction. The results are given in Table 3, where we list only those states for which the short range behavior speaking, we focus our attention on the I=O S=3 and Ic3 S=O channels.
In the next section we allow the hidden color states to mix with the 44 states in these channels. We also consider mixing in the I=S=2 channel, since·it contains only one hidden color state and is, therefore, readily studied, as a test of the overall strategy. Finally we evaluate the energies of the hidden color states in the !=2 S=O and I=O S=2 channels, as these channels contain no states consisting of only two ground state color singlet baryons, so that, if the hidden color states lie low enough in energ~ they will be expected to dominate the composition of the lowest lying di-baryon states in these channels.
Effects of the Hidden Color Configurations
Constructing the hidden color states as indicated in the Appendix and evaluating the necessary spin, color and isospin matrix ele-
C,
::: 
+260·MeV(c~+c~~n+c~b~c+c~~i)/4}16(1+B/~)
As before we omit the contributions due to the constant piece of the confinement potential in (17) , (18) . The values of V, ai, c~, and c~ for the channels of interest are given in Table 4 . (17) (18) The expressions (17) , (18) Table 5 . The results of the mixing calculations are presented in Table 6 .
Discussion
We see that the only channels which exhibit clear binding with 
where A is the antisymmetric·three quark color state. The matrix elements of7T 36 with respect to these bases are given in Table Al . Spin and isospin matrix elements are identical so we display only the former.
Of the spin, color and isospin matrix elements required in (8) , only those of the spin operators~1·~ in the S•2,3 channels have not been previously evaluated. These may be obtained, using the transfermation properties of S, A, J and A under s 3
, from the set listed in Table A2 .
Owing to the symmetries of the spatial, wavefunction, ]t in (9), with respect to both cluster interchange and quark interchange within
-27-clusters, relations exist between the spatial expectations of two body operators for different particle labels i,j. These relations are listed in Table AJ, In this case we drop the subscript 'T' on the spatial matrix elements of (A6) and 
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